Training behavior similar to that which occurs in full scale superconducting accelerator magnets has been observed in small test windings. The test coils are formed from approximately 20 meters of conductor wund non-inductively, in Bifilar fashion. The resulting racetrack shaped coil is molded at elevated temperature to simulate the construction techniques used for the ISABELLE dipoles. The quench current of such windings has been measured as a function of applied field and the effect of parameters such as mechanical loading and porosity have been investigated. The velocity of propagation of the normal front has been measured both along and transverse to the direction of current flow for several test windings. The minimum energy required to produce a self propagating normal zone has also been determined in an attempt to quantify the relative stability of the coils.
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I ntroduction
In order to achieve a better understanding of the details of quench initiation and the growth of normal zones in ISABELLE magnets, a series of simulated windings have been constructed and used to measure properties which are difficult or impossible to measure in full scale magnets. The two quantities of greatest interest are the velocity of propagation of the normal front and the minimum energy required to initiate a quench.
Since the details of the windings can be easily varied in the simulated coils, they can be used to test new concepts before incorporating them into actual magnets. The amount of conductor in a test coil (%20m) is sufficiently large that it represents a more meaningful conductor test than the usual "short sample". This report summarizes the measurements made to date in these coil simulation experiments.
Construction Details
As mentioned above the windings are made in a "bifilar" fashion so that the magnetic field produced by the transport current will be small compared to the applied field. This configuration is shown schematically in Fig. 1 0018-9499/81/0600-3245$00.75© 1981 IEEE short time after the quench to allow the measurement of quench velocities. When a winding has been fully trained at 4T, the field is increased to 5T and the procedure repeated. In general, very little further training is observed since the conductors are subjected to an almost constant maximum electromechanical force due to the reduced critical current at higher fields. The training curves for two windings are shown in Fig.  2 . The coil represented by the circular points is typical of windings of low porosity and its performance is very similar to that observed in full scale magnets of the same construction. The other winding, which trains more rapidly, is of somewhat higher porosity. In order to normalize the effect of applied field the ratio of quench current to critical current is plotted against quench number. The critical current is defined as the current at which the effective resistivity of the conductor is 10-12 ohm-cm. When fully trained most test windings will operate in the resistive region (i.e., a finite, stable voltage can be maintained across the coil at constant current). This is illustrated schematically in the inset in Fig. 2 a low porosity winding plotted against current. The uniformity of the velocity can be verified by observing conductors progressively further away from the initiating point. This transverse velocity is equivalent to an azimuthal velocity in the curved windings of a complete magnet. Fig. 4 gives the transverse velocities measured for the same winding as Fig. 3 Fig. 5 . TW1, a winding with tightly wrapped, heavy epoxy insulation, is almost impervious to gas flow. The other windings are attempts to improve the effective porosity by varying the insulation characteristics. TW3 and TW5 were made from similar conductor and the difference in their porosity is representative of the reproducibility from winding to winding. A convenient unit of "porosity" has been formed by dividing ten by the pressure drop (in psi) required to force 25 SCFH of helium thru the turns of the coil.
One of the consequences of having liquid helium in the windings is shown in Fig. 6 where the longitudinal and transverse velocity are plotted against "porosity". The effect of trapped helium on the training behavior was compromised somewhat by structural problems in the high porosity windings but the trend was for fewer quenches in the more porous coils. 
Quench Energy
A study was made of the minimum energy required to cause a self propagating normal zone. This was done by pulsing one of the heaters with progressively higher currents until a quench occurred. Typical pulses were 3m5 in duration and several amps in magnitude. The minimum energy is plotted against reduced current in Fig. 7 . The fraction of heater input energy which is actually deposited in the superconductor is difficult to determine and hence the absolute scale. Work is now in progress aimed at calibrating this energy so that a direct comparison of the relative stability of the different types of windings can be made.
